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Abstract— In the Southeastern Anatolian Region of 
Turkey, in Ergani Elazığ and Siirt Şirvan copper ore 
concentrators, containing the pyrite and the high pyrite 
content discarded is received as pyrite concentrate from 
concentrating copper by flotation swept and waste products. 
Ergani Concentrator produce the pyrite concentrate by 
product about 350 thousand tons for sulfuric acid production 
and about 1,700 thousand tons of pyrite waste sent to dispose, 
Siirt Şirvan copper pyrite is not also evaluated. These pyrite 
waste products both should be evaluated by the copper 
content and the other metals such as, Au, Ag, Co , must be 
evaluated in terms of high valuable metal contents. In this 
study, samples are subjected to microwave roasting of pyrite 
waste and subsequently pelletized and subjected to reductive 
roasting by coal at 1000C. 
Sulfur-containing complexes in Southeast Anatolia 
pyritic copper ores rich hydrothermal ore deposits is 2-4% Cu 
constitute the vessels. Ergani, Siirt and Hakkari Sirvan 
copper, lead, zinc Fe sulfide deposits demonstrates the wide 
distribution of reserves. Ergani copper concentrate are 
produced by several million tons of ore concentrate processed 
at least 100 thousand tons. Every year about 1 million tons of 
pyrite to go waste. Siirt Shirvan is 400 thousand tons per 
annum of crude ore concentrate produced 300 thousand tons 
of waste are produced pyrite. Therefore, it is becoming clearer 
common waste product of pyrite in the region. Occurs in a 
particle size of these wastes usually occurs below 100 microns 
in size may be advantageous for the evaluation. In our 
country, especially in Siirt and Hakkari region that includes 
15 m thick spread over a large area outside the production of 
this ore and waste of pyrite Fe silicates evaluability it was 
discussed as chemical production in this study. 
In this study; the effect on the physical and chemical 
parameters and chemical properties making preliminary tests 
to determine the pelletizing and microvwave roasting 
conditions, reactivity were investigated. This assay has been 
determined to be advantageous in the metal results in the 
production of pyrite solution with the waste. 
In this study.the evaluation Ergani copper 
concentrator and waste in Siirt in this study were identified as 
potential evaluability in terms of basic qualifications..  
 




Ergani Elazig and Siirt Shirvan pyrite pyrite copper ore 
processing in a concentrator concentrating from fotasyo swept 
the cellulase and taken waste products. Usually Ergani 
Concentrator 1,700 thousand tons of waste is sent to the pyrite 
concentrate product sulfuric acid production. chlorine is about 
350 thousand tons of waste are disposed of without pyrite in 
Siirt Sirvan was also evaluated. These waste products in 
copper and other content from the care of both, Ag, must be 
evaluated in terms of metal contents as Course. In this study, 
samples are subjected to roasting pyrite waste sulfuric acid, 
hypo chloride, and in hydrochloric acid. 
The optimum time with dilute acid solutions were 
leaching. The results obtained are cobalt, copper, is inferred 
based on the time of acquisition of the roasting of gold and 
silver. Copper and cobalt have been achieved in 55-73% 
yield. The reason that the iron content was low as provided an 
advantageous gain in partial roasting. 
The complex pyritic hydrothermal ore deposits of copper 
sulphide ore in the Southeastern Anatolia Region and partly 
containing 2-4% Cu is rich vein of form. Ergani, Shirvan Siirt 
and Hakkari, copper, lead, zinc sulfide deposits Fe shows a 
large reservoir distribution. Ergani several million tons of 
copper ore concentrator produced about 100 thousand tons of 
concentrate processed at least. Approximately 1 million 
tonnes of waste each year, pyrite and pyrite concentrate exit 
300 Binton. Shirvan Siirt 400 thousand tons per year of crude 
ore concentrator produced 300 thousand tons of waste are 
produced pyrite. Therefore, it is becoming clearer common 
waste product of pyrite in the region. Occurs in a particle size 
of these wastes often occurs under a hyperfine size of 75 
microns may be advantageous for the evaluation thereof. In 
our country, especially in Siirt and Hakkari region of 15 m 
thickness of 100 km2 that includes in and silikatları other than 
the production of this ore spread over an area in pyridine Fe 
production of waste evaluability was discussed as chemicals 
in this study. 
In this study; Low-grade iron ore and metal production by 
roasting pyrite was carried forward to the waste area. X-ray 
analysis of the product difraktomet mineralogy and grain size 
of the microscopic description ineL was determined the 
effects of leaching characteristics of physical and chemical 
parameters. chemical properties making preliminary tests to 
determine the pelleting and roasting conditions, the reactivity 
were investigated. As a result of these experiments it was 
determined to be advantageous in the metal production waste 
liquors pyridine. Co, Cu, Au, Ag, etc. It can be the gain from 
the solution by electrolysis, it will provide çöeltil metallic 
value and benefit to the economy. 
 
1.1 Siirt, Ergani copper pyrite deposits 
Alpine orogeny is located 650 surveys copper deposits in 
Turkey are seen in lane 4 in the main metallogenic provinces: 
1. Coming from Macedonia, the Balkan-Black Sea after 
passing throughout the Black Sea and Caucasus since the 
close of Sinop belt extending from Iran to the Himalayas. This 
generation is common in porphyry copper deposits and 
Kuroko-type massive sulphide deposits. This generation of 
on-Derekoy Kırklareli, Bakırçay (Merzifon), Güzelyayla, 
Macka, Ulutaş-İspir and Ballıca-Yusufeli- (Artvin) are 
porphyry copper deposits. They are lower than the average 
copper grade porphyry copper deposits in the Balkans. Also 
Espie-Lahanos, Cayeli, Blessed are Murgul volcanic massive 
sulphide deposits and is located on the Cerattepe this 
generation. 
2 came via Cyprus Alexander - Hakkari and then continued 
between Iran Ophiolite Belt in the Southeastern Anatolia are 
the Cyprus-type copper deposits. Ergani copper and copper 
deposits that they mineralization Siirt Madenköy important to 
this generation. 
3. The third is still Globe metallogenic provinces in the Black 
Sea region of western Cyprus, where copper is the type of bed 
mattress. 
4. plutonizm acidic hydrothermal veins and connected to the 
kontakmetasomatik copper-lead-zinc deposits found in the 
northwestern Anatolia Region is the fourth in the 
metallogenic provinces. 
World consumption of copper porphyry meet a large portion 
of the acidic copper deposits containing calc in igneous rocks 
are exposed as common in our country. Turkey, however, 
shows they do not have reserves and grades can be operated 
under the present circumstances the so far identified porphyry 
copper deposits. Kırklareli - Derekoy porphyry copper 
deposits feasibility studies completed in our country is the 
only bed of this type. 
Bakibaba bed with ore reserve in Aşıköy and Cu, Zn, Co, Au, 
Ag grades are given in Table 1. Table1 shows metal content 
and economic value. Also, according to this bed of 
Outokumpu Oy firm developed the flow chart, a yield of 80% 
to 15% Cu grade is projected chalcopyrite concentrate will be 
produced, to be obtained from bearing pyrite and chalcopyrite 
concentrated amounts. When the metal values contained in 
these beds compared to cobalt copper is seen that three times 
as much economic value. There is also a copper equivalent 
gold in bed. 
  
 
Figure 1. Geological Map Distrubiton of South an Eastern 
Anatolian Economic Copper Reserves 
 
 
The general procedure used in evaluating the pyrite 
solution from the waste is send to the production of sulfuric 
acid. Chalcopyrite ore from ore by physical methods before 
concentrators pyrite and copper minerals are enriched by 
flotation. Then blister with the smelting processes of copper 
from the copper concentrate obtained after SO2 with the 
oxidizing roasting of pyrite concentrate H2SO4 is produced. 
During these operations; 
gold and silver contained in copper concentrate smelting 
bilister stay in copper is then recovered during the refining 
process. But gold and silver will be recovered from the ore 
ratio is dependent on the ratio of copper concentrates, this rate 
is around 4% for Ergani ore. Cobalt is going through the 
converter slag during the smelting and cannot be assessed. 
Usually staying in pyrite concentrate Co, Cu, Au and Ag 
values such as the metal after roasting they remain in pyrite 
ash waste can only be won when evaluating the ashes. 
The general procedure used in evaluating the pyridine 
solution from the waste is send to the production of sulfuric 
acid. Chalcopyrite ore from ore by physical methods before 
concentrators pyridine and copper minerals are enriched by 
flotation. Then bilister with the smelting processes of copper 
from the copper concentrate obtained after S02 with the 
oxidizing roasting of pyrite concentrate H2SO4 is produced. 
During these operations; 
gold and silver contained in copper concentrate smelting 
bilister stay in copper is then recovered during the refining 
process. But gold and silver will be recovered from the ore 
ratio is dependent on the ratio of copper concentrates, this rate 
is around 4% for Ergani ore. Cobalt is going through the 
converter slag during the smelting and cannot be assessed. 
Usually staying in pyrite concentrate Co, Cu, Au and Ag 
values such as the metal after roasting they remain in pyrite 
ash waste can only be won when evaluating the ashes. 
 
1.2 Copper Concentrator pyrite roasting of Waste 
In recent years, said the purpose of recovery of metals 
from sulphide ores hydrometallurgical processes have the 
option to pyrometallurgical process. The bulk concentrate 
leaching is produced. Pyrite and gangue other sulphide 
minerals contained in the ore than the minerals oxidizing 
agent with the sulfated media Fe
3+
 or under pressure with O2 




 (8-13), nitric acid 
environment with O2 ( 14) and the ammonia atmosphere 
under O2 pressure (15 to 17) are dissolved. 
 
1.3.  Co, Cu, Au and Ag Recovery from Pyrite Ash  
Partially tested in pilot scale or industrial applications 
with past practice (21):Bureau of Mines and Cominco 
(leaching with ferric chloride), Sherrit Gordon and Pennoro 
(LIC with cupric chloride), 
Cymet (ferric chloride + electrolysis), Duval (+ ferric 
chloride, cupric chloride) and Arbiter (leaching with oxygen 
in ammonia atmosphere) after roasting pyrite concentrate of 
metal sulfide are oxidized according to the following reaction: 
 
MeS + 3.2 O2 MeO + SO2 (M:Fe, Cu, Zn)  (1) 
CuS + 3/2O2  CuO + SO2    (1a) 
ZnS + 3/2O2  ZnO+ SO2    (1b) 
FeS + 3/2O2  FeO+ SO2   (1c) 
 
 
Figure 2. The Chemical reactions of the pyrite particles  
used in Experiment 
 
The roasting was the main application used in the recovery of 
these metals which is converted into oxide (22, 23). 
 
1.3.1. Leaching with sulfuric acid 
 
Ashes low acid (1% H2SO4) which is the leaching 
solution. Water soluble acid-soluble copper sulfate and copper 
oxide remains in the leach residue by dissolving the other 
copper compounds in this process. This process, by 
Amagasaki Dow Seiko order copper to iron pyrite recovery 
until 1969 from 1953 were applied to the whole (24,25). The 
main drawbacks by this process are as follows: separated from 
the insoluble portion of the resulting leach solution is the 
problem, 30-70% copper with other metals recovery cannot be 
taken due to efficiency in the desired efficiency is obtained 
from leach solution as copper with copper cementation 
cemented. 
 
1.3.2. Sulfating roasting and leaching 
In this process the roasted ash before concentrated sulfuric 
acid are mixed in specific proportions and, after drying the 
resulting slurry at 600 to 700 ° C. This product is then roasted 
in dilute acid leaching (26-29). The objective is sulfated iron 
oxide without nonferrous metal oxides are soluble in dilute 
acid to convert to sulfate. 
The drawbacks of this process are given below: 
The pelletized ash mixed acid to reduce the filtration 
difficulties must be made of the roasting process. 
Copper, zinc and cobalt in after the attainment of high yields, 
arsenic containing more difficult due to the dissolution of the 
arsenic leaching from ash no longer be able to be fed into the 
blast furnace as iron. 
The leaching solution with copper cementation of cobalt and 
zinc occurred by raising the pH. 
 
2. Material and Methods 
Experiments in Ergani Elazig and Shirvan the dust waste Siirt 
concentrator plant that the tumbler as waste is planned to be 
regarded as construction materials due to the silica content. 
However, is the average grade% 0,7- 1,2 Cu and contains a 
total about 270 thousand ton Cu and 30 thousand tons Zn in 
the waste stock. Also it is expected to contain 255 tons and 63 
tons of Ag. 
The representing waste samples containing  Ergani pyrite 
waste and Sirvan pyrite waste were taken from the waste 
stock concentrators and oxidizing conditions for 4 hours at 
850° C in 100 g of ash that were roasted and samples were 
obtained. Analysis of the subjected waste pyrite ash on 
experimental work is given in Table 1 below. represents the 
size of the waste sample (90% -325 mesh) over direct 
hydrometallurgical processes and ash (48% -325 mesh) on the 
influence of the oxidizing roasting were investigated. 
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3. Results and Discussion 
3.1 Effective Microwave Roasting 
Ergani and Shirvan pyrite copper concentrator waste of 
100g health represents 75-micron powder samples between 1 
yl 5 min time in oxidizing conditions prior to oxidative 
leaching is subjected to microwave roasting. Test results were 
determined as after 30 min boiling with 5M HCI acid Cu and 
Co recovery yields. 
 
 
Figure 3. Microwave Roasting in order to burn pyrite, 
and direct effect on waste metal extracts 
 
  
Figure 4. Effects of Microwave Roasting in Ergani pyrite, 
Direct Effect on waste metal extracts 
 
 
Figure 5. Effects of Microwave Roasting in Sirvan pyrite, 
Direct Effect on waste metal extracts 
 
3.2. Leaching with sulfuric acid and Hydrochloric 
Acid 
 
After Ergani pyrite wastes directly from Microwave acted 
Acid Leaching be effective in certain time 2.5 min to 100 ° 
C.test leaching, the results are shown in Figure 4. 
Figure 5. Effect of Sirvan pyrite Microwave Firing of 
waste sulfuric acid and 3M and 3M HCl acid leach affect the 
metal recovery by oxidizing the copper waste Şirvan pyrite 
leaching at 100°C, 3 hours, 1.5 solid / liquid ratio, 3M H2SO4 
solution is carried out at 100g waste samples. ICP analysis of 
the filtered product solution Cu and Co was examined for. In 
the hydrochloric acid leach 100 ° C, 3 hours, 1.5 solid / liquid 
ratio, 100g are performed in solving waste samples of 3M 
HCl solution. The findings obtained in optimum conditions is 
shown in Figure 5. 
3.2.1 Pyrite Type  
The advantages of such a procedure are that coarse coal 
particles have a lower heating rate than fines, thus, 
temperature control during pyrolysis would be enhanced. 
Additionally, there will be improved coal dust control during 
pyrolysis and the specific energy consumptions required for 
complete pyrolysis by microwave heating and conventional 
pyrolysis were about 0,18 and 4,4 kW h/kg, respectively. 
Typically, the energy consumption in ball milling is between 
about 4,5 and 9 kWh/kg. Therefore, the combined energy 
consumption for microwave roasting plus regrinding would 
still be lower than conventional. 
The two major causes of pyrite and iron ores are the presence 
of ferrous ions and magnetic attenuation of waves in 
carbonaceous matter and ultra-fine sulphide particles, pyrite 
and pyhrotite in coal matrix. When less permitivity is due to 
the presence of both sulphides in coal matter, the shale, 
silicate clay matrix is called transparent and reflects through 
under the microwaves. The carbonaceous matter in the ore 
adsorbs heat. The most important matter are the organic 
carbon and coal carbon. The constituents of the organic 
carbon are amorphous.  
Such ores require pretreatment to break down the matrix of 
the sulphides and oxidize or passivate the carbonaceous 
matter before pyrolysis. The microwave treatment methods 
include roasting, chlorination, pressure oxidation, drying, 
torrefaction, pyrolysis and also digestion and gasification of 
waste. Microwaves could be utilized as an alternative source 
of energy for the treatment of ores in some of the unit 
operations such as drying, calcining, roasting and smelting. 
Carbon and metal sulphides are known to be very good 
microwave absorbers and they can be rapidly and selectively 
heated. Some researhers may improve heat it was indirectly 
heated by microwaves, therefore using magnetite as a 
susceptor. 
In the present study, the microwave roasting of sample with 
coal pyrite and copper pyrite was investigated. The 
concentrate was very responsive to microwave heating and 
this resulted in almost complete roasting and in some cases 
sintering of the material as seen in Figure 5. 
y = -10,701x3 + 30,218x2 + 18,125x + 3,6269 
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y = -16,787x3 + 53,48x2 - 3,6525x + 4,6746 
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The changes in the heat absorbing behaviour of the copper 
pyrite were monitored and the optimum conditions for 
leaching the roasting rate were established as seen in Figure 6. 
 
Figure 6. Time effect on temperature in Microwave 
Roasting 
 
Figure 7. Porosity effect on permitivity in Microwave 
Roasting 
800 W, the 15 g sample reached a temperature of about 500 
o
C while the 25 g sample reached 600 
o
C. When 50 g of 
sample was used, the temperature rose to about 700 
o
C. 
Generally, in laboratory scale microwave processing, the 
sample temperature increases with sample mass. In contrast to 
conventional heating, in microwave systems the heat is 
generated internally and thus the heat loss from the sample is 
a major factor that controls the heating behaviour. For 
samples with a relatively low mass, the high surface area to 
volume ratio restricts the rate of temperature rise and also the 
maximum attainable temperature. As a result, the permittivity 
values are relatively low and the sample cannot effectively 
couple with the microwave field. On the other hand, for the 
same cross-sectional area of the crucible, as the sample mass 
is increased, there is a reduction in the surface area to volume 
ratio and this reduces the heat loss from the interior, leading 
to a higher bulk sample temperature. Additionally, as the 
sample mass increases, there is more material to interact with 
the electric field. 
For comparison purposes, oxidation of the sulphides and the 
carbonaceous matter in the refractory concentrate was carried 
out in both the microwave system and a conventional 
resistance furnace. At an incident microwave power of 800 
W, the heat generated was enough to cause melting of the 
sample and thus further tests were conducted at a lower 
incident power of 600 W. At 600 W, appreciable oxidation 
was achieved, without excessive rise in temperature. 
However, with some samples, sintering was observed. As 
shown by the results in Figure 3 the roasting process is almost 
complete at about 600 
o
C and therefore the conventional 
roasting tests were performed at 600 
o
C. Since the permittivity 
decreased above 700 
o
C, additional roasting was carried out 
above 700 
o
C.  Figure 4 shows the effect of roasting time on 
the carbon content of the concentrate as a function of 
processing time for both conventional and microwave 
roasting. It can be seen that the carbon content decreases 
significantly faster in the microwave tests than in 
conventional roasting. More than 75% of the carbon was 
removed within minutes with microwave roasting, while in 
conventional roasting the same degree of carbon removal 
would require hours. The behaviour of the coal pyrite is 
presented in Figure 5. For both microwave and conventional 
processing, the rate of temperature at the end was higher than 
that of coal pyrite, which likely reflects the larger amount of 
iron in the sample. After 30 min, 85% of the sulphur was 
removed by conventional roasting, while for microwave 
heating about 65% of the pyrite sulphur was removed at the 
end of 3 mins. In microwave processing the pyrolysis of coal 
and pyrite content of coal particles (Figure 6), which are 
excellent microwave absorbers, are at higher temperatures 
than in conventional pyrolysis and this leads to higher 
pyrolysis rates. 
 
Figure 8. Porosity effect on permitivity loss in Microwave 
Roasting 
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Siirt Copper pyrite 
ŞırnakCoal pyrite 
Şırnak pyrite Shale 
All figures and tables must be consecutively numbered with 
Arabic numerals (1, 2, 3 etc.) and inserted as close as possible 
to the corresponding text.  In the text, refer to the figure by its 
number, not its relative position.   
 
4. Conclusions 
In this study; The low-grade ore with pyrite waste Fe in 
physical, chemical, giving place to the results of tests carried 
out were determined by examining the difference between the 
textural properties of pyrite waste. Evaluation of copper 
kosantrat waste in Ergani and Siirt in this study were 
identified as potential evaluability in terms of basic 
qualifications. pyrite ash from the roasting process with this 
metallic values ??obtained after acquisition of iron is 
determined as iron raw materials rich product can be 
evaluated. Especially with microwave roasting process it is 
very economical. 
Figure 6 is obtained from ore according to the flow chart 
bulk concentrate 700 C oxidizing acidic oxidizing the ash 
obtained after roasting and microwave leaching Co, Cu, Au 
and Ag higher in RA is economically recovered. Also iron 
content will be higher. 
Figure 10 The prompted evaluation for the Pyrite Ash of 
Ergani and Sirvan. 
The specific energy consumptions required to achieve 
oxidation of the refractory concentrate by microwave 
heating and conventional roasting were about 0,128 and 
4,58 kW h/kg, respectively. In conventional roasting, the 
specific energy values are higher since the surroundings 
also have to be heated, while in the microwave process 
only the sample and the sample carrier are heated. 
The oxidation reactions of sulphides are exothermic and 
if heating is not controlled, there is the tendency for 
sintering and/or melting to take place. In microwave 
heating it is more difficult to control the temperature, 
than in conventional roasting. As a result, some local 
melting occurred and there was some sintering and 
formation of some glassy material. 
The roasting of copper pyrite and iron ores, the pyrites 
of coal and shale using microwave radiation has been 
investigated. The test results showed that there was a 
continuous mass loss from room temperature to 700 
o
C 
with a total mass loss of 12%. The major mass loss of 
over 10% occurred between 400 
o
C and 600 
o
C in coal 
pyrolysis. This occurred due to the sulphur combustion 
of and reaction of exothermic heat release from pyrite 
from the sample. The real and relative permittivities 
were very high and increased significantly with 
decreasing frequency. Beyond 400 
o
C the permittivity 
decreased and this was attributed to the removal of most 
of the combustion of pyrite. The copper pyrite could be 
heated rapidly and temperatures of over 600 
o
C were 
attained with a 50 g sample after microwave heating for 
3 min. 
For microwave pyrolysis, both the heating rate and the 
pyrolysis rates were higher with depending on porosity 
and the specific energy consumptions were lower than 
the corresponding values for conventional pyrolysis. In 
roasting and pyrolysis processes, the pyrite content was 
readily effective in accomplished amount of the reacted 
matter. Due to the high temperatures generated in 
microwave heating, sections of the carrier had sintered 
in which pyrite oxidation of about 65% complished in 
microwave were roasting. 
The microwave heating behavior studies showed that the 
sample temperature increased with increasing incident 
microwave power, processing time and sample mass. 
Due to the hyperactive response of the iron ore to the 
microwaves, a low incident power of 600W was found 
to be suitable for roasting, as higher powers resulted in 
sintering and melting of the concentrate. The copper 
pyrite values after combustion in roasting were over 
25% and these were similar to those obtained by 
conventional roasting. The main advantages of 
microwave roasting were that both the total pyrolysis 
rates and the heating rates were higher and the specific 
energy consumptions were lower than in coal pyrite. 
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